An experiment is described in which a coherent superposition of the Rydberg states of atomic potassium is excited by a short optical pulse. The coherent superposition forms a wave packet localized in the radial coordinate. The radial motion of the wave packet is periodic with the period of the classical Kepler orbit. The time evolution is probed by a second short pulse. The resulting photoionization signal, as a function of the delay between pulses, shows the classical periodicity.
In the very earliest days of quantum mechanics, Schrodinger' and Lorentz attempted to find atomic coherent-state wave packets that were localized and moved in classical Kepler orbits. Recently, several authors have shown that states closely approximating these states can be formed by use of a short laser pulse to excite a coherent superposition of Rydberg states.
In a recent paper we have reported the observation of one variety of these states in which the electron is angularly localized with the wave packet sitting stationary in space on one side of the nucleus. Although this state is quite different from the normal energy eigenstate in its properties, it does not orbit periodically like a classical Kepler particle. Quite recently, ten Wolde et al. have reported the observation of another type of wave packet (radially localized). Our work confirms their basic results while exploring a different part of the regime, in which such a wave packet can be formed.
In this paper we report the production and detection of a Rydberg electron wave packet that is radially localized and oscillates in and out about the nucleus with an oscillation period that is exactly the orbital period of a classical particle with the same energy. The motion of this wave packet is illustrated in Fig. 1 of n equal to 42(n ). The resulting wave packet was detected by the method described above. Their photoionization signal exhibited a periodicity that agreed with the classical orbital period ( -10 ps). They observed the first and second return of the wave packet to the core.
As n and An change, the characteristics and the behavior of the radial wave packet, also, change. An increase in the value of n, reduces the rate at which the wave packet evolves and reduces the rate at which it spreads.
The slower rate of spreading follows directly from the more nearly equal spacing of the energy levels. An increase in the value of bn has two effects: (1) The initial localization of the wave packet is increased; (2) the rate of spreading is also increased. The localization of the wave packet determines the sharpness of the quantum beats that are observed in the photoionization signal.
In our experiment we optically excite the two-photon The solution for P, -, as a function of the delay time, contains two beat patterns. One is due to the motion of the wave packet, while the other is due to the relative phase between the pump and the probe pulses. This second beat pattern is rapid (varying at the optical frequency). In this experiment, an averaging over the relative phase occurs so that this second beat pattern is not observed.
The experimental setup is shown in Fig. 3 
